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Abstract — Spatial visualization has always been a pri-

mary part of information visualization and analysis, espe-
cially in the era of big data. The map, the most funda-

mental components of spatial visualization, is a kind of

simple, intuitive and popular way to show the visualiza-
tion of geographic information. The traditional map is not

convenient to overlay complex elements due to its own
complex filled color and the actual geographical bound-

aries. We aim to cut off dusty foliage of the maps, and

deliver the main structure of the map visualization result.
We proposes RectMap, a boundary-reserved map defor-

mation approach for visualizing geographical map, which

can maintain the mind map of original map. The proposed
approach integrate traditional Douglas-Peucker algorithm

and our Gridding algorithm. The Douglas-Peucker algo-
rithm generates a simplified map, and the Gridding algo-

rithm optimizes the initial simplified map. Case study and

user study are further conducted to demonstrate the effec-
tiveness and usefulness of the new-style map.

Key words — Map form transformation, RectMap,

Map generalization, Gridding.

I. Introduction

Due to the popularization of deployment of GPS, mas-
sive information is accompanied by geographical and tem-
poral data, specially in the era of big data[1]. Time and
space both are necessary factors to describe events[2]. Spa-
tial visualization[2,3] is used to express spatial informa-
tion and attribute changes of geographical phenomena in
a visual way, and has been an irreplaceable role for the
fully display of the geographical data. Thus, to facilitate
a convenient understanding of complex geographical phe-
nomena, presenting a handy and friendly visualizaiton of
geographical data is crucial.

Spatial information is generally overlaid on the map
for visual design and display[4]. Map has been the most
fundamental components in spatial visualization, which
is used to display a large number of geographic location-
related data information, and favoured by the majority
of big data visualization researchers[5]. Many researchers
take the map as a base map, and overlay a large number
of information on it, such as traffic data[6], air information
data[7] and social network data[8].

However, existing form of map is difficult to overlay
information or compare different areas on the map due
to following reasons. Firstly, due to the characteristic of
irregularity of the map, traditional maps do not allow
users to overlay information in a orderly way. For exam-
ple, if a user wants to overlay bundles of words onto a
irregular area, the text may be wrapped into several rows
with different length, which increase the difficulty in read-
ing the words. Secondly, existing methods like map de-
formation techniques aims to deform the map to present
information more vividly. Cartogram is widely used in
GIS area to present value by the size of area, but it still
causes irregularity to the deformed map, which still suf-
fered by the overlay issue. Another option is the Spatially
ordered treemaps technique proposed by Wood et al.[9],
which transformed each area of the map into a rectangu-
lar grid, and the relative position of grids correspond to
the original position of the geographical map. This tech-
nique successfully solves the irregularity issue of the map
boundary, however, the grid is based on basic rectangle,
thus the grid cannot better reflect the original boundary
line of different map areas.
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In order to address above challenges, we propose
RectMap, a boundary-reserved map deformation ap-
proach to visualize geographical map. RectMap remains
the original geographical boundary information of the
map, which is not only aesthetically pleasing and legible,
but also provides considerable space to support users over-
lay information. We formulate the creation of RectMap
through using a novel strategy with a judicious com-
bination of Douglas-Peucker algorithm[10] and Gridding
algorithm[11]. The Douglas-Peucker algorithm generates a
simplified map through reducing the points and straight-
ening the geographical boundaries, while the Gridding al-
gorithm transforms the map into a regular and rectangu-
lar shape similar to the original region through dividing
map into several rectangles related to the actual geograph-
ical region. We further evaluate our algorithm against
the spatially ordered treeemaps proposed by Wood. To
provide its effectiveness during the process of linking de-
formed map with original geographical map.

Specifically, we make the following contributions:
1) We proposed a new efficient approach that can

transform the geographical map into a rectangular one
while preserving the original geographical boundary char-
acteristic of the map.

2) We adopted real-world geographical maps to evalu-
ate the usefulness of our methods, and presentd scenarios
of overlaying geo-referenced information.

3) We conducted a user study that evaluate the effec-
tiveness of our methods for linking deformed map with
original geographical map.

II. Related Work

1. Spatial visualization
Considerable research has been directed towards

demonstrating spatial data to illustrate the connection be-
tween event and spatial data. Researchers have proposed
many spatial data visualizations such as Heatmap and its
extension[12]. In Ref.[12], Meier et al. generated and de-
livered web-based heatmap visualizations for spatial data
that is optimized for mobile devices. Sun et al.[13] presentd
a novel visualization technique called route-zooming that
can embed spatio-temporal information into a map seam-
lessly for occlusion-free visualization of both spatial and
temporal data. Anselin[14] reviews the ideas behind in-
teractive and exploratory spatial data analysis and their
relation to GIS. Although using 3D maps or heatmaps can
do a good job of illustrating the spatial information for
the specified location, these methods often fail to show
large amounts of information on the map intuitively due
to small space. In recent years,Andrienko et al.[15] raised
the requirement of find and overlaying effective visualiza-
tions of spatio-temporal dimension information in geospa-
tial data. Our work aims to provide an efficient approach

for user to conveniently overlay spatio-temporal informa-
tion in geospatial data. Li et al.[16] although analyzed a
lot of air quality data in Beijing, but only on the map
with a heatmap to do the PM2.5 color mapping. So that
other air indicators with a variety of visual components
to show, if the map has enough space to place other indi-
cators visual view, that will be more user-friendly.

2. Map generalization
Map generalization is an emerging topic in computer

graphics. Its main task is to simplify the map to highlight
the contents of the specified topic. In some cases, less is
more. Thus, for certain geographical maps, by removing
unimportant trivial details, we can better display impor-
tant subject information better.

Cartograms are a well-known technique for showing
geography-related statistical information, such as popu-
lation demographics and epidemiological data. The basic
idea is to distort a map by resizing its regions according to
a statistical parameter, but in a way that keeps the map
recognizable. In recent years, Keim et al.[17] dealt with the
problem of making continuous cartograms that strictly re-
tain the topology of the input mesh. Hennig et al.[18] used
a cartogram to represent population distribution at the
province level in 2010. The cartogram effectively demon-
strates that population is unevenly distributed across the
different parts of China.

Regarding the geometry-based shape deformation,
Douglas-Peucker algorithm reduces the number of points
required to represent the line and polygon. Peng et al.[19]

ensure topological consistency during continuous general-
ization of map through an optimization algorithm. Based
on their idea, we propose a boundary-reserved map defor-
mation approach for visualizing geographical map.

III. Rectmap Overview

The system input is an JSON file containing boundary
data of many administrative regions. Each region bound-
ary consists of a large number of geographic boundary
points, together with many other attributes, such as re-
gion ID, region name et al..

To create a map with the same relative location to the
realistic geography position as well as simple and aesthet-
ically appealing, we have developed RectMap as Fig.1.
The left is traditional map, and the right is our RectMap.
The Rect map consists of regular blocks. It can be seen
that the corresponding blocks in each region maintain the
original relative position, and the shape of the city is sim-
ilar to the one in the traditional map. Fig.2 illustrates
the system overview. For simplicity, we take the Zhejiang
Province of China in Fig.1 as an example to illustrate the
basic idea of our method. Our method can be easily ap-
plied to other city datasets such as France as shown in
Section VI.2.
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Fig. 1. Comparison between traditional map and RectMap of Zhejiang Province, China

Fig. 2. System overview

The RectMap consists of four steps: extracting geo-
graphic boundary data, map generalization, map Grid-
ding and determining the belonging of each rectangle. In
the first step, we extract boundary data as the source in-
put data. Then we obtain simplified map through apply-
ing Douglas-Peucker algorithm to reduce the points and
twists of the original map data. Next, through the Grid-
ding algorithm we divide the map into a rectangle set
R{R1, R2, R3, · · · , Rn}, based on the simplified map, n is
the number of rectangles. Finally, we match each rectan-
gle to the corresponding region, and draw all the rectangle
collections of each region to form the RectMap.

IV. Design Considerations for Rectmap

RectMap aims to generate a legible map visualization
as well as ensure actual relative geography. In this section,
we introduce our considerations for the visual design.

1. Design goals
The following design criterias are used when creating

a RectMap visualization:
1) Every different color block represents different re-

gion on the map.
2) The shape of the color block indicate the relative

shape of the regions on the map.
3) The deformed map should remain users’ mind map,

namely, the position of block indicate the relative loca-
tions of the regions on the map.

Following the above criteria, we could achieve the re-
sult of a legible RectMap visualization. Early efforts[9]

have achieved a certain amount of success in creating a
simple map form. However, it lost the original geograph-
ical sense of the relative spatial location. Moreover, the

layout method cannot easily add more spatio-temporal
information.

2. Design constraints
The research[20] shows that the regular rectangles are

more aesthetically pleasing than other polygons. In our
design progress, in order to ensure the aesthetics and con-
ciseness of the new map, we convert the boundaries of the
new map into straight edges, and each corner is converted
to a right-angle. We have five design constraints as follows:

1) Ensure that constructed blocks keep the original rel-
ative position since we may lose some information when
we do the map generalization.

2) Ensure that constructed blocks has a similar shape
to the original regions.

3) Ensure that each corner of the block is deformed to
right angle so that the final block is a regular shape.

4) Ensure that all the blocks would not coincide.
5) Ensure that there is no blank area between any two

adjacent blocks.
In order to satisfy these design constraints, we propose

strategies as follows.
3. Strategies of design
In our design progress, we have four strategies in gen-

erating the desired visualization.
1) Extract real boundary data: make sure the shape

generated automatically by our system have the same rel-
ative location to the region location in reality.

2) Simplify the map: reduce points numbers and make
the line straight between two adjacent points through
Douglas-Peucker algorithm. The simplification can reduce
the time of Gridding. The process is shown in Fig.3(a) and
(b).

3) Gridding: we apply the Gridding according to the
points on the simplified map, as shown in Fig.3(c). The
corners of each rectangle that make up the block are at
right angle and has no blank area between any two adja-
cent rectangles. This process ensures every block to be a
regular shape and has no blank area with any two adja-
cent block. Specific implementation is shown in the Sec-
tion V.2.

4) Determining the belonging of each rectangle: Match
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the rectangle to the only corresponding region. Thus, we
can ensure the final shape in RectMap is similar to the
shape of its corresponding region in real-world and does
not coincide with each other. Specific implementation is
shown in the Section V.3.

Fig. 3. The illustration of the process of simplification and

gridding. (a) Original map; (b) Simplified map; (c)
Gridding

V. Specific Implementation of Strategies

1. Map generalization
We simplify the original map by Douglas-Peucker al-

gorithm since it is an effective approach to reduce points
required to represent line simply and representatively.
Douglas-Peucker algorithm keeps important points on the
basis of comparing the setting threshold d to dp, which is
the distance from each point to the line. The larger the
parameter d is, the greater the degree of simplicity is. We
explain the specific algorithm according to Fig.4.

Fig. 4. (a) Algorithm flow diagram; (b) The schematic dia-

gram of Douglas-Peucker algorithm

Refer to Fig.4, we express this algorithm as follows:
1) Connect starting point A and ending point B to

form a straight line AB.
2) Find the the point C on the curve, which is the

farthest point from the line AB. The distance dp is then
calculated.

3) If dp < d, the line segment AB is approximated as
the curve, and the segment curve is further processed.

4) If dp ≥ d, we divide the curve into two sections,
e.g., AC and BC, and the two sections are processed by
1) to 3), respectively.

5) When all the curves are processed, the polylines are
formed by connecting the individual points in turn, which
can be used as the approximation of the curve.

We define d = 1 when we simplify the original map,
as shown in Fig.3(a) and (b). We set the input point as
the real coordinates on the earth (longitude, latitude). We

can see all regions on the simplified map keep the similar
shape.

2. Gridding
To ensure every block corresponding to its region

to be a regular shape, we further conduct the Grid-
ding on the simplified map. To illustrate the Grid-
ding simply, please refer to Fig.3(c): we draw m ver-
tical lines V {v1, v2, v3, · · · , vm} and m horizontal lines
L{l1, l2, l3, · · · , lm} in one shape. m2 denotes the num-
ber of grids in the shape. Thus, the parameter m could
imply the similarity of RectMap and traditional map The
larger the m is, the more similar the RectMap and tradi-
tional map are. We can find out how m affects the final
shape of the RectMap in Fig.5. We illustrate different re-
sult with different parameter m of 10, 20, 30, respectively.
The larger the m is, the more similar RectMap and tra-
ditional map are, which means there are more points and
twists.

Fig. 5. How m affects the final result

We take every rectangle formed by the adjacent two
horizontal lines li−1, li and the adjacent two vertical lines
vi−1, vi as an element of rectangle set Therefore, all se-
lected rectangle elements do not coincide and all blocks
would not coincide. All elements constitute the rectangle
set R{R1, R2, R3, · · · , Rn}, n is the number of rectangles.
The detailed algorithm is as follows:

Algorithm 1 Gridding algorithm

input m, then

draw m vertical lines V {v1, v2, v3, · · · , vm}
draw m horizontal lines L{l1, l2, l3, · · · , lm}
sort V from small to big

sort L from big to small

while there has line exists in V do

for all lines in L do

form rectangle by the adjacent two horizontal line

hm, hm+1 and the adjacent two vertical line vn, vn+1

end for

end while

construct rectangle set R{R1, R2, R3, · · · , Rn}

The final block would be regular since the corners of
each rectangle that make up the block is at right angle.
Moreover, due to the fact that each rectangle belongs to
only one block and all rectangles do not coincide, all the
blocks would not coincide.

3. Determine the belonging of each rectangle
We developed a series of code to determine whether

two polygons have an intersection and calculate the area
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of the intersections. We can then match each rectangle to
its corresponding region according to the size of the in-
tersection area. At first, we establish criterion of judging
rectangles belonging referring to the Fig.6 as follows:

Fig. 6. The illustration of establishing criterion

• Rectangle 1© does not intersect with any one region
on the map, so we discard this rectangle, since it has no
corresponding region.

• Rectangle 2© lies in the interior of region A , so we
match rectangle 2© to the region A .

• Rectangle 3© intersects with two regions: A and B .
The intersection area of 3© and B is larger than that of
3© and A . So we match rectangle 3© to the region B .
If one rectangle intersects many regions, we match the
rectangle to the region with which the intersections area
is the largest.

Specific implementation of this step is as follows:

Algorithm 2 Matching method

for all rectangles in R do

for all areas on the map do

if the rectangle has no intersections with any area then

break

end if

if the rectangle intersects the area Ai then

put the intersection’s area to a list

end if

end for

match the rectangle to the area with which the intersec-

tion’s area is the largest.

end for

draw new map with each area’s rectangle set.

After above operations, each region is transformed into
a block which consists of lots of rectangles corresponding
to it.

VI. Evaluation

In this section, we first use an example to illustrate
the usefulness and capability of Rectmap. Then we com-
pare our results with spatially ordered treemap proposed
by Ref.[9].

1. Case study
We often see block map of house price in modern life. It

prints price in one rectangle which stands for one region.

However, these block maps almost are drawn by designers
through hand drawn or tools with amount of time. Now
we can use our method to automatically produce maps
like Fig.7. It divided each city of Zhejiang Province into
a rectangular block, and the city’s average housing prices
overlay on the block, so that users clearly know the price
of one city and the price distribution relationship. It not
only reduces the time spent, but also has similar style as
the block map drawn by designers. This case illustrates
the usefulness and capability of our approach.

Fig. 7. The application of Rectmap

2. User study
We compare our results with spatially ordered treemap

to evaluate the performance of our method. We conducted
the experiment based on dataset of 20 different maps,
such as France, Zhejiang, Qinghai, etc. We used the open
source code provided by Wood et al. to obtain their re-
sults.

Fig. 8. The experiment interface

Task and procedure Each question is shown in
Fig.8. Participants were required to choose the right city
we gave in Rectmap or spatially ordered treemap as soon
as possible. Accuracy and time can expresss the effective-
ness of method, so we choose the accuracy and time spent
as our main measure indicators.

The study began with a training session in which the
participants can familiarize themselves with the system
and the task. Considering the accuracy and the time spent
of the choice has a lot to do with the position of given city,
we divided the cities of the region into three categories:
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marginal city, central city, and submarginal city. Marginal
city is the city on the edge of the map. Central city is a city
located in the center of the map, and the submarginal city
is located between the marginal city and the central city.
We generated 20 different maps with Rectmap and spa-
tially ordered treemap, and selected three cities of above
categories for each map, respectively. The examination
questions are sorted randomly to ensure a fair compari-
son, since if the participant knows the range of the city to
be chosen, it will reduce the time it takes to make a choice.
Thus, one participant need to perform 20 × 3 × 2 = 120
tests. The entire experiment took approximately 15 min-
utes to finish, and the participants could rest after finish-
ing one study.

Fig. 9. Comparison of accuracy

Fig. 10. Comparison of average spent time

Conclusions We recruited 20 participants with nor-
mal or corrected-to-normal vision. All the participants
were undergraduate students, graduate students, or staff
in the computer science department of our local univer-
sity. We show the results in Figs.9 and 10. We can see
that Rectmap spent less than 60% of time than spatially
ordered treemap on the marginal city, but the accuracy
has increased by 50%. We speculate it may be due to the
fact that Rectmap maintains the relative position and has
a similar shape to the original city for participants to look
for. The two methods perform closely on the submarginal

city and central city respectively. Moreover, their perfor-
mance the submarginal city is not good as expected. We
speculate that regarding the central city, participants will
focus on the range of center, but on the submarginal city
there is no reference and the range of submarginal is larger
than others. Thus, it is difficult to find the accurate city
and will spend more time. From this experiment we can
see that Rectmap in maintaining the original location and
shape of the region has a certain positive effect.

VII. Discussion and Future Work

We have presented an efficient approach to generate a
RectMap layout which preserves the boundary of the geo-
graphical map. The major feature of this approach is that
it contains three parts: Douglas-Peucker algorithm to re-
duce the number of points and twists, Gridding algorithm
to make RectMap regular and legible, and Matching algo-
rithm for ensuring high similarity to original map. With
the two algorithms, our method can quickly generate a
simplified, rectangular and boundary-reserved map.

However, our work still has some limitation. In the
future work, we have following work need to do. On ma-
jor issue is that we now are able to add more elements
to the RectMap such as text, time series and other vi-
sual components. However, the layout of the texts and
time series on the map is still challenging. For example,
different blocks has different size, which leads to the diffi-
culty in design reasonable scaling for overlaid time series
visualization. Another issue is that the coloring scheme in
Rectmap needs to be carefully considered since a success-
ful color scheme can produce a legible visual interface.
However, currently most geographical maps use limited
color categories to encode different area, adopting similar
color scheme in Rectmap may lead to some misinterpre-
tation.
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